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\\ \ 
According t o  photographs t aken  from an a i r c r a f t  d u r i n g  t h e  i 

i t o t a l  s o l a r  e c l i p s e  of  1.5 February  1961, p o l a r i z a t i o n  m.s found DrA 

E s 
2 a l o n g  c o r o n a t s  polar and e q u a t o r i d  cross s e c t i o n s  a t  d i s t a n c e s  of 

2 t o  5 solar r a d i i  from t h e  c e n t e r  o f  t h e  d i s k .  
4 

COVZR-TO-COVXR TRRIVSLATION 

The problem o f  weasurement o f  solar corona’s  c o l a r i z a t i o n  at 
a d i s t a n c e  exceeding  3 s o l a r  r a d i i  i s  p a r t i c u l a r l y  d i f l i c u l t  * ) .  

According t o  reference.1111,  t h e  b r i g h t n e s s  o f  t h e  s k y  a t  a d i s t a n c e  

of  4 solar r a d i i  d u r i n g  e c l i p s e  e q u a l s  t h e  corona b r i g h t n e s s  

( 18 10”O B 0 

t o  d iminish  t h e  b r i g h t n e s s  of  t h e  sky i t  is necessa ry  t o  conduct obse r -  

vations f r o m  g r e a t e r  h e i g h t s ,  Eovever,  one o f  t h e  p r o b l e m  of  IZMLRAN 

d i v i s i o n  o f  a i r b o r n e  i n v e s t i g a t i o n s  o f  t h e  Sun d u r i n g  t h e  solar e c l i p s e  

of 15 February  1961, w a s  t h e  s t u d y  o f  solar corona p o l a r i z a t i o n  i n  3. 

cont inuous  s p c c t r u a .  I n  t h e  c u r r e n t  work p o l a r i z a t i o n  was i n v c s t i g a -  

t e d  at d i s t a n c e s  o f  2,5 t o  5jR @ i n  t h e  5500 - 6800 1 wave band ,  

Observa t ions  ve re  c a r r i e d  o u t  from a TU-104A a i r c r a f t  a t  1 C  ‘0Ometcr  

a l t i t u d e  above Rostov. However, t h e  f a c t  t h a t  were conducted ;:;rou@ 

a glass window di:minished cons ide rab ly  t h e  advantages o f  d t i t u d e  

where B 0 is t h e  b r i g h t n e s s  of  t h e  Sun) ,  I n  o r d e r  

I 

mezsurerne2t because of l i g h t  d i f f u s i o n  i n  t h e  gless. Thus,  t h c  poL--.- 

r i z a t i o n  vbdl’,r3s at d i s t a n c e s  exceeding 5 R  0 i n c l z d e  ve ry  p c n - i  ,rr~_r; 
--I -1 Ti? GZ - . ,anccs are c o u n t e i  from t h e  c e n t e r  ~ i ‘  the disk. 

. , ,. . .,. 
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The exposure t ime was a d j u s t e d  f o r  solar corona Fkotographing,  and 

t h i s  n t i t u r d l y  r e s u l t e d  i n  an overexposure f o r  t h e  r e g i o n s  a t  d i s -  

t a n c e s  of  l e s s  t h a n  2 . 5 R  0 .  
The- h e i g h t  of  the Sun d u r i n g  t h e  e c l i p s e  was 27' 48$, and t h e  

i n s t a n t s  o f  t h e  second and t h i r d  c o n t a c t s  r c s p e c t i v e l y  were 11,19 
and 11,22 h o u r s ,  The a i r c r a f t  was above clouds a n d  t h e  sky vias  p c ~ f e c t -  

!iy c l e a r ,  The t o t 8 1  phase w a s  expected t o  last 163 seconds ; however, 

because t h e  a i r c r a f t  w a s  c a t c h i n g  t h e  shadow o f  t h e  Ivioorr, i t  w z s  pro- 

longed t o  4 n i n u t c s .  

A t h r e e - l e n s  cmiera  vjtlz used. f o r  t h e  o b t c n t i o n  of  corona 

photographs.  A s p e c i a l  wide f i l m  badge aerophoto&ahing device c o n s t i -  

tuded i t s  c 'nsse t te .  I n d u t s a r - j 7  l e n s e s  wi th  F = 30 cm and al 'erture 1/4,5 
were u t i l i z e d .  An OC-13 f i l t e r  s t o o d  i n  f ronk of each o f  them, The 

f i l t e r s  1 and. film's s ~ x c t r s i l  s e n s i t i v i t y  curves  o u t l i n e d  t h e  r e g i o n  

of  5600 - 6800 VravelengLhs. The f i l t e r ' s  t r a n s m i s s i o n  f a c t o r  i n  

t h i s  r e g i o n  w a s  e qual t o  90%:s s h a r p l y  d iminish ing  f o r  wavelenghts 

below 5600 i. A t  x>7000 1 t h e  f i l m  was l o s i n g  its s e n s i t i v i t y .  A 

wide 32 cm panchromatic aeroph0togr;phi.c film with a 1000 un.COSTa 

s e n s i t i v i t y  was u t i l i z e d ,  The camera was d i v i d e d  by t h r e e  blaclcencd 

p a r t i t i o n s  i n  t h r e e  s e c t i o n s  Three good-qual i ty  f i l a  p o l a r o i 6 s  were 

d i r e c t l y  d isposed  i n  f r o n t  of  t h e  el:3ulsion0 The p o l a r o i d e s e  cx'es 

were i n c l i n e d  by 120° t o  one a n o t h e r ,  The t r a n s m i s s i o n  f a c t o r  a t  

v a r i o u s  p o i n t s  of  t h e  p o l a r o i Z  is c o n s t a n t  wi th  a p r e c i s i o n  t o  2$ie 
A p a i r  o f  c r o s s e d  p o l a r o i d e  t r a n s m i t t e d  i n  t h e  u t i l i z e d  wavelength 

0 ~ 8 7 ;  of  t h e  i n c i d e n t  l i g h t .  T h e  camera, nounbed on an a z i n u t h z l  i n s t a l -  

l a t i o n ,  could. be guided by hand, The photographs of  t h e  c o ~ o n a  were 

aade  wi th  v a r i o u s  exposures .  Those of  O,5, 1, 3 seconds 1;:ere r e p e a t e d  

s e v e r d  t imes .  At t h e  sane  t i n e ,  because of  t h e  i n s i f f i c i e n t  massive- 

nes s  0 2  t h e  i n s t a l l a t i o n  and a i r c r a f t  v i b r a t i o n ,  t h e  p i c t u r e  of  t h e  

Sun nas s h i f t e d  5y 0.2 R 0 

viere t h e r e f o r e  d i f f u s e  and u n f i t  f o r  processing, 
Phorographs s i t h  l o n g  exposures  (15, 20 s o )  



s t e p  wedge i n p r i n t e d  with t h e  a i d  o f  a GO1 , s ens i tome te r  5va.s a l z o  made, 

The wedge YjLS photographed w i t h  3, 5, 1 0  and 15 second exposurcs ,  k 
f i l t e r  with a s p e c t r a l  s e n s i t i v i t y  curve similar t o  andlogus f i l t e r  

curves  through which the- corona  zijas pbkographed, was u % i l i z e d ,  The 

c o n s t a n t  of  t h e  wedge i s  lgH1 - l g H 2  = 0,189 where ii is t h e  quan t i -  

t y  of  l i g h t  i n c i d e n t  on t h e  photographic  l a y e r ,  Bes ides ,  a s i x - s t e p  

c l e a r i n g  agent  was i n p r i n t e d  at t h e  edges o f  every  photograph o f  t h e  

corona.  The c h a a c k e r i s t i c  curvps c o n s t r u c t e d  accord ing  t o  t h i s  c l e a -  

r i n g  agen t  and t o  t h e  s t e p  wedge, co inc ided  we l l .  

The phatograph measurefient was aade oil a micrphotometer 1@-2 

a l o n g  r a d i a l  :&ect ions through 0.04 2 0 

dixiensions (0 0.5 R g  ) 

wi th  So57 x le57 mi2 s l o t  

?he account ing  o f  hac: ound i n t e i i s i t y  in t roduced  a b a s i c  

error du,--ns -?he e x p l o i t a t i o n ,  ,'he background was g r a p h i c a l l y  t aken  

i n t o  accoun t ,  and a t  t h e  same time its course  i n  t h e  i n n e r  corona  

(2 & 1e5R 0) was e s t i m a t e d  t o  be t h e  same as i n  t h e  l u n a r  d i s k ,  

A t  o t h e r  p o i n t s  it v~as found by i n t e r p o l z t i o n  between t h a t  background 

and t h e  i n t e n s i t y  0 3  t h e  photograph ' s  s p o t  t h a t  may have been r e l i a b l y  

cons ide red  f r e e  from l i g h t i n g  by the corona.  An analogus method nas  

ap iJ l ied  by G. 14. N i k o l ' s k i y  [ 2 ] .  

accoun t ing  l i g h t  d i f f u s e d  by t h e  Sun and a l s o  t h a t  d i f fusec ;  i n  the 
emuli;ion, i n  t h e  c a n e r a  and t h e  window of  t h e  a i r c r a f t  a r e  exc luded .  

Inasmuch as i n  our  case  t h e  s p o t ,  f r e e  from corona  l i g h t i n g ,  nas t&en 

a t  a d i s t a n c e  of 11R0 , and t h e  background on t h e  d i s k  of  t h e  iloon 

When u s i n g  such  method o f  background 

w a s  s u b s t a n t i a l .  t h e  i n t e r p o l a t i o n  ~ m s  c a r r i e d  o u t  u n r e l i a b l y ,  Errors 
i n  t h e  p o l a r i z a t i o n  va lue  np/p  t h e n  o c c u r r i i g  reached 

* 

240 - 50 ;percent 

The degree  o f  p o l a r i z a t i o n .  was determined by t h e  V. G.Fesenkov method 
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processed.  The p o l a r i z a t i o n  v a l u e s  were 

averaged f o r  t h e  two photOp;rai2hs9 t h e  

e a s t e r n  and western c r o s s  s e c t i o i i s  were 

u n i f i e d  a6 e q u a t o r i d ,  and t h e  s o u t h e r n  

- and n o r t h e r n  - as p o l n r .  Reduced toge-  

- 

- 

mhere I1 
p o s i t i o n s  of  t h e  p o l z r o i d  ; o(- is t h e  p o s i t i o n  angle  o f  t h e  p o l a r i z a -  

%&KW &LM%PB de.k:arrtdna& by %he s e k a t i s n  

f 2  I3 a r e  t h e  corona i n t e n s i t i t e s  r e s p e c t i v e l y  f o r  t h r e e  

The p r o c e s s i n g  of  two f i l m s  o f  'die corona,  ob ta ined  wi th  0.5 

and 1 second exposures  was caryic-ci o u t .  On t h e  photograph w i t h  t h e  1 s. 

exposure 

corona were t a k e n ,  ans d ' s o  c r o s s  s e c t i o n s  a l o n g  t h e  d i r e c t i o n s  at.45' 
t h e  n o r t h e r n ,  s o u t h e r n ,  wes te rn  and e a s t e r n  s e c t i o n s  o f  t h e  

angle  t o  t h e  e q u a t o r  i n  NW and SI3 quadrants .  On the  photograph wi th  0.5 
second exposure ,  t h e  n o r t h e r n ,  s o u t h e r n ,  

-- western anct e a s t e r n  c r o s s  s e c t i o n s  were 

I t h e r  mere a l s o  t h e  p o l a r i z a t i o n  curves  
I I I "'"' disposed  a t  a 45' angle n i t h  t h e  e c p a t o r  20 (0 . -_ _ _  - 

Fig. 1 The mean-square e r r o r  c o n s t i t u t e d  then  

4 percent .  T h e  ob ta ined  v a l u e s  o f  t h e  

p o l a r i z a t i o n  a r e  p l o t t e d  in F i g u r e  1, 
The p o l a r i z a t i o n  v z l u e s  found bu us a r e  g r e a t e r  t h a n  those which 

a r e  o b t a i n e d  a c c o r d i n g  t o  t h e  Van de H u l s t  model [l). Curve 1 o f  F i g , 2  

correspond t o  t h e  d i s t r i b u t i o n  o f  pola-  

j 4  r i z a t i o n  a c c o r d i n g  t o  t h e  i n d i c a t e d  

model f o r  t h e  m a x i m u m  o f  solar a c t i v i t y ,  

Curve 2 o f  Fig.  2 corresponds t o  t h e  d i s -  

t r i b u t i o n  of p o l a r i z a t i o n  d o n g  t h e  
e q u a t o r i a l  s e c t i o n  a c c o r d i n g  t o  o u r  d a t a ,  

35 '\ 1 

25 '. 
I I 

. 40 40 & R/R, I n  was noted i n  r e f e r e n c e s  [4, 54 that 
- 

Fig. 2 f o r  v a l u e s  R >3R 0 t h e  'Jcn de I iu l l s t  
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model g i v e s  unde r ra t ed  p o l a r i z a t i o n  v a l u e s  S t  i s  i n t e r e s t i n g  t o  no te  

t h a t  i n  ou r  c m e  t h e  g r a d i e n t  o f  t h e  curve of p o l a r i z a t i o n  d i s t r i b u -  

t i o n  is c l o s e  ts t h a t  cor responding  t o  t h e  Van de H u l s t  curve €or t h e  
maximum of s o l a r  a c t i v i t y .  A b e t t e r  co inc idence  is observed for the  

e q u a t o r i a l  c r o s s  s e c t i o n  c u r v e ?  and i t  is  worse- €or t h e  ~ o l a r ,  

For t h e  same d i s t a n c e s  t h e  degree  of  p o l a r i z a t i o n  is lower  i n  p o l a r  

t h a n  i n  e q u a t o r i a l  regions'.  Th i s  a t t e s t s  about  t h e  d i s t i n c t i o n  of t h e  

1961 form o f  t h e  corona  from t h e  "maXimunllr  e However, t h e  s y s t e n a t i c a l l y  

g r e a t e r  va lue  o f  t h e  degree o f  p o l a r i z a t i o n  for all 1961 corona  cross 

s e c t i o n s  probably  spealr about  i ts g r e a t e r  b r i g h t n e s s  i n  comparison 

wi th  t h e  usua l  corona o€  t h e  cor responding  phase o f  a c t i v i t y .  
- 

Fig .  3 shoms curves  of i n t e n s i t y  

v a r i a t i o n  ' of  l o g a r i t h m  ( i n  r e l a t i v e  

' u n i t s )  of  p o l a r i z e d  and t o t a l  corona  

l i g h t  r e l a t i v e l y  t o  t h e  l o g a r i t h m  

o f  t h e  d i s t a n c e  t o  t h e  c e n t e r ,  S o l i d -  

' l i n e  c u r v e s  and b lack  c i r c l e s  are 
r e l a t e d  t o  t h e  e a s t e r n  e q u a t o r i a l  

c r o s s  s e c t i o n  o f  t h e  photograph wi th  

t h e  l o n g e r  exposure a Dot ted - l ine  curves  

' and c r o s s e s  a r e  r e l a t e d  t o  t h e  m&ern 

e q u a t o r i a l  c r o s s  sectia2'i 09 t h e  pho- 

togrzph  wi th  t h e  l e a s t  exposure ,  As 
may have -been  expec ted ,  t h e  t o t a l  i n t e n s i t y  does n o t  drop as s t e e p l y  

as t h e  i n t e n s i t y  o f  t h e  p o l a r i z e d  l i g h t  which is cond i t ioned  by 

t h e  corona  luminsscence IC. I f  we expres s  t h e  b r i g h t n e s s  drop i n  t h e  

co rona  by t h e  formula I = Io R-n, we s h a l l  have ,  excus ive  o f  polar 
r e g i o n s ,  and at R = 3-3-5 R n C p ,  4.2 f o r  t h e  t o t a l  corona  r a d i a t i o n ,  

and 7.1 f o r  t h e  p o l a r i z e d  component. The e r r o r  i n  t h e  background d e t e r -  

mina t ion  i n t r o d u c e s  a-30 p e r c e n t  e r r o r  i n t o  t h e  v d u e  o f  I 

I consicier i t  may du ty  to -convey  ray thanks  t o  G.P.I.Ni'irol4 s k i y  

- -  \. 

F i g ,  3 

IF 

P 
_ -  

,- under  vdiose guidance t h e  p r e s e n t  work could  have been comple-ted, 

_ _ ~  

References follow, ./. . 
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